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STRENGTH OF STEEL CONCRETE; FLOOR SLABS
.
The tensile strength of concrete is much smaller than its com-
pressive strength. A concrete beam in flexure will fail by tension
in the concrete. Any method by which this tensile strength can be
increased, or by which the tension can be taken by some stronger
material, will increase the load-carrying capacity of the beam, so
long as the resisting strength for compression is equal to or greater
than that for tension.
The growing tendency t° HM concrete construction in buildings
has made it necessary to find some means of obtaining long spans,
and, at th* same time, of securing economy in weight and cost, as
well as safe construction. With this in view, several methods have
been devised to reinforce th* tension flange of the concrete beam
by the use of metal. Sometimes steel rods are imbedded in the low-
er flange of the beam for this purpose. These rods are usually
straight, but occasionally are twisted or bent In order to increase
the adhesion between the steel and concrete. Expanded metal, which
will be described later, is also used for reinforcing the concrete.
Another method, which was used in constructing the floor of the
Hydraulic Laboratory at the University of Illinois, consists in
imbedding ordinary wire netting in the tension flange of the con-
crete.
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The purpose of these experiments is to make a comparison of
strengths of the plain concrete and reinforced slabs, and also a
comparison between those beams reinforced with expanded metal, and
those reinforced with one or two layers of wire netting* It is
also intended to compare the strengths of slabs reinforced with the
same kind and amount of metal placed at different depths. The stress-
es in the concrete and metal will be computed at important changes
in the condition of the loaded slab.
CONSIDERATION OF THEORIES,
Hatt's Theory.
Various theories ara advanced to show the relation between the
concrete and its reinforcement. Perhaps the best known analysis
is that of Professor W. K. Hatt of Purdue University. He bases the
theory upon the following assumptions;- (1) the cross-sections of
the beam remain plane surfaces after bending; (2) the applied forces
are perpendicular to the neutral surface of the beam; (3) the values
of the moduli of elasticity, obtained in simple tensile and compres-
sive tests, will apply to the material when under stress in the beams;
(4) there is no slipping between the concrete and reinforcement;
(5) there are no initial stresses In the beam due to shrinkage or
contraction of the concrete while setting.
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The variation or stresses as shown in the figure. The stress dia-
grams are assumed to be parabolic arcs.
The following nomenclature will be used.
1 ^ length of span. b = width of cross-section.
/
h « depth of cross-section.
hx = distance from compressive face to neutral surface,
hu - distance from compressive face to center of gravity. reinforce-
ment, p - ratio of area of steel to cross-section of beam.
Es* Ec, Et - coefficients of elasticity of steel, concrete in com-
pression, and concrete in tension.
Es = 29, 000, 000. Ec ~ 2,000,000. Et 1,000,000.
n - JKc = 2 . ra - Es - 29
.
Et Et
f = unit-stress in reinrorcement
.
e = compressive unit-stress in concrete,
t s tensile unit- stress in concrete.
From the assumption that plane cross-sections remain plane
sections during flexure, we neve;
c _ tnx , t _ f ( 1-x
)
, c
_
fnx .
1-x m(u-x) m(u-x)
Equating the forces of tension and compression we have;
2 /gcx = 2/5t( 1-x ) » pf . By substituting the values of c and f, we
hove;
2/sx*n = 2/5{l-x)%- pm(u-x). Solving for x we obtain;
-
^4 + 5nm
^
+^n + 9/4p*m* + p (im (y Cn-3
* 2(n-l)
' d Xi
Taking moments about the neutral axis we h-ve;
M = bh £ [s/std-x) 2 -/- S/Pcx^-f- pf(u-x)
When the beam has cracked the effect of tension must be omitted,
Equating the tensile and compressive forces, we have;
2/5cx = pf or, 3/2pEs{ u-x )• The bending moment then is
Ec
2.
= bh^ [2/5cx z + pf(u-x)~j
There seems to be inconsistency among the assumptions in that
a parabolic stress diagram is taken with uniform coefficients of
a,
elasticity and ^straight line deformation.
COMMON THEORY OF BEAMS
•
A modification of the common theory of beams will a ply to
reinforced beams. The same assumptions are made as in the preceding
analysis,
The stress-strain diagrams are assumed to be straight lines instead
of arcs of parabolas. Assuming that Diane sections remain plane
sections after bending we have;
( 1-x
)
t
- IT 1-x) .
m(u-x
)
c -.
_ fn;
m( u-x )
Equating the tensile ann compressive forces we obtain;
l/Scx =lM(l-x, + pf. Substituting the values of | ann f we have;
2n-l ) x
2 + 4pmu
,
from wnichx can be obtained.
8n-l
Taking moments about the neutral axis the following equation is
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obtained;
M« bh* [ijm&hmf + lfl*m*+ pf(u-xT]
When the beam has cracked, tension ot the concrete can not be
considered. Equating the tensile and compressive forces we have;
x
2
-- 2p iis. from which the position of the neutral surface
Ec
can be found, Taking moments about the neutral surface we have;
U =* bh* [l/3cx + ;of(u-xf]
It is found that this modification of the common theory of
bearn^ cives results that agree very closely with Professor Hatt's
analysis, as well as with experiment.
OTHER THEORIES.
Mr. A. L Johnson has lately worked out a theory that seems
rational. It is published in pamphlet form by the St. Louis Expand-
ed Metal Company of St. Louis, Missouri. It was received too late
however to be discussed here.
Professor Wakin of the kassachuetts Institute of Technology
he> also d^ri^ed some formulas to be used in designing concrete-
steel beams, but they do not seem applicable to the slabs bere con-
sidered.
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DESCRIPTION OF TEST PIECKS.
SIZE. Twenty six slabs of concrete were made for these exper-
iments. Each slab was 4 feet 6 inches long, 18 inches wide, and 4
inches thick. By placing the supports 5 inches from each end a span
of 4 feet was obtained, which is a common length of span in floor
construction. Although narrower than the sections of a concrete
floor, the slabs will act similar to those sections under loading.
CEMKNT. The Owl brand of Portland cement, made by the German
American Portland Cement Company, was used. Five briquettes of neat
cement developed an average tensile strength of 515 pounds per sq.
in. in seven days, and five developed a strength of 715 pounds per
sq. in. in thirty days.
SAND. Ordinary bank run sand from Urbana, Illinois, locally
known as gravel, was used. It contained 58 per cent of voids, and
would be classed as coarse sand. Briquettes of cement and sand,
made in the proportion of one part of cement to three or sand, broke
at a tensile stress of 190 pounds per sq. in. when seven days old,
and at 505 pounds per sq. in. when thirty days old. The average of
five briquettes was taken in each case.
STONE. The stone used was Kankakee limestone from Kankakee,
Illinois. It contained 58 per cent voids. The sizes or the stones
ranced from 1/8 inch to 1 1/2 inch in longest dimension.
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7CONCRETE, The concrete was mixed in the proportion of one part
of cement to 5 of sand to 6 of stone. An amount of water equaling
14 per cent of the aggregate was used, making a moderately wet con-
crete. The proportions were made by measurement of volume. The con-
crete was mixed by hand,
MORTAR. A coating of 1 to 8 mortar 1/4 inch thick was placed
at the top of each test piece, and was made a plane surface as near-
ly as possible by the use of a straight-edge and trowel, A coating
of mortar 1/4 or 1/2 inch thick (depending on the kind of test piece)
was placed at the bottom of each slab. The sand lor this mortar was
obtained by screening the bank-run sand with a number 4 sieve,
METAL REINFORCEMENT S
.
Expanded Metal and wire netting were
used for reinforcing lh« concrete* K*j>ftnded metal is made by cutting
short, parallel slits about 1/4 inch apart in thin, sheet steel, and
then pulling these slits into meshes. The size of mesh was 5 inches
on a side. The average of several tests showed that the ultimate
tensile strength of this metal was 55000 pounds per sq. in. Each
strip was .072 inches thick and .26 inches wide. The amount of metal
per inch of width of test piece was .016 sq. in. The wire netting
was ordinary netting used for fences. The following figure shows the
way in which the meshes were formed.
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Each mesh was about 11/4 inches on a side. An average of several
tests gave an ultimate tensile strength of 60,000 pounds per sq. in.
The wire was .O^f) inches in diameter. The amount of metal per inch
of width of test piece was .0061 sq. in.
RAKING THE TEST PIECES. The test pieces were made of the same
kind of concrete, and with practically the same amount of tamping.
Since it would take several days to make all the testT pieces, one of
each set was made each day, and from the same batch of concrete.
The object of this was to give those slabs made on the same day the
same amount of care and consideration, thereby eliminating accidental
errors and daily variations in the quality of mixing and tamping.
When this is done a closer comoarison of the strengths of the various
kinds of test pieces is made possible.
STORING THE TEST PIECES. After the test pieces were made they
were left in a dry room which was kept at a temperature or a out
60 degrees, Fahr. Each -iay they were thoroughly wet in order to
secure urooer conditions for setting. The pieces were broken after
60 days.
CLASSIFICATION. OF TEST PIECES. The test-pieces were divided
into seven sets, according to the kind, amount and. position of the
reinforcement, as follows
SET NO. 1. PLAIN CONCRETE SLABS.
SET NO. 2. SINGLE NETTING SLABS. One layer oT wire netting was
placed 5/8 inch from the bottom.
SET NO. 3. D0U3LE NETTING SLABS. Two layers of wire netting were
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placed 5/8 inch from the bottom.
SET NO. 4. EXPANDED kSTAL SLABS. Expanded metal was placed 5/8
inch from the bottom.
SET NO. B« SINGLE NETTING SLABS. One layer of netting was placed
one inch from the bottom.
SET NO. 6. DOUBLE NETTING SLABS. Two layers of netting were placed
one inch from the bottom.
SET NO. 7. EXPANDED METAL SLABS. Expanded metal was placed one
inch from the bottom.
The reinforcement was imbedded in the mortar in sets No. 2, 5 and 4,
but in the concrete in sets No. .5, 6 and 7.
METHOD OF TESTING.
The arrangement, shown in the following figure, was used in
breaking the slabs.
t
,
_
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Wooden blocks 4 inches square were placed 4 feet apart on a concrete
floor. These pieces supported two 1/4-inch steel plates with a one

/o.
inch square steel bar between them. The test piece was placed upon
these supports, thus giving a space of £ 1/2 inches between the
floor and slab. This afforded sufficient room for a deflectometer,
which was placed so that the point of contact of the test piece and
deflectometer came as near as possible to the center of gravity of
the bottom surface of the test piece. Oak blocks 4 inches square and
3 feet long were placed across the test-piece at four different
points, dividing the span into five equal parts. Pig iron was piled
upon the oak piece for breaking the concrete slab. Before any
slabs were broken each pig was weighed and marked, so that it was an
easy matter to calculate the load on the slab at any time.
Deflections were read at every additional 200 pound load. The
type of deflectometer used is shown by the following figure.
The shorter arm AB is 1 1/2 inches long, and the other arm
AC is 15 inches long. Therefore any notion at B is ten times as
great at C. Deflections were read to thousandths of an inch by
means of a vernier attached to the pointer.
It was desired that the test-pieces be broken with the load as
nearly uniformly distributed as possible. The method of loading
Previously described produces a maximum bftndlag moment expressed by
the formula H ^ 5/20 Wl, in which W is the total load in oounds, and
f
is the span in ^ches. The maximum bending moment due to a uniform
it arts* A
Otis m
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load is expressed by the formula M a 1/8 Wl, which is seen to be very
close to the other. The elastic curve and the distribution of the
shear are also quite similar to those for beams uniformly loaded,
A more important purpose in choosing this loading was to avoid the
effect of the arching action of the load, due to the deflection of
the test-piece. Several investigators have entirely neglected to
consider this arching action in their experiments, while others have
given it more or less attention. Since the amount of the load, the
height of the load, the deflection ol the slab, and the shape and
nature of the weights determines the amount of the arching action for
each method of uniform loading, it is seen to be a variable and Inde-
terminate quantity for each test-piece. If the amount of tnis arch-
ing action is unknown, the effective load and its distribution is
Lalso unknown, and the weight on the beam can only be estimated.
The method of loading used eliminates the arching action and obtains
a nearly uniform load.
•I *«• Mir-.Vei rtl.it
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RESULTS OF TESTS.
' TABLE NO. 1.
Showing Breaking Loads for Each Test-piece.
5ET
NO.
KINO OF
TE5T- P/ECE
NO-
or
SLAB
CR ACK/A/6
LOAD IN
LB3 •
TOTAL
BREAKING
LOAD. LBS
LOAD- LBS.
P£H SQ.FT.
1
PLAIN
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/
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ts
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l *f- <0 ~>
/54S
I&40
22 5C
m j i Jt
/s4-5
/& 4-0
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>e: *r
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3 7*
Z.
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A/E 7- TVNG
2
/ O
.17
23
25CO
21 3j5
19 35
2 72 5
2& 1
O
2135
2/ 6> O
2 72 5
468
35$>
3 60
454-
3 O O U QL.E
NETTING
3
II
16
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40 6-5
36&C
4073
4-550
j5& 75
4-7 70
4475
4-72
9 79
795 *
746
7& 7
4- EXP/KN0COMETAL
5
9
IS
25
3 70 O
322 O
4O4O
4-S&0
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59 75~
G4&5
7G3
/ 03 O
99G
/o e /
5
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NETTING
/"ft^om bo //<? «7
.
7
/4-
19
I&2D
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2325
1 620
/ 9GO
2 3 25
303
353
3 e s
(o
double:
GETTING
/"from h o7/~brr?
a
13
eo
/SGO
20/0
2 G30
/ 74-0
2 7^
2&30
290
34-6
4-3&
7
OPA/VO E O
M£T*\ L.
("flrorrt hotfbm
6
IZ
Zl
26
2 72
24-e>5
J33 3S
4-9 65
42 2.0
d / 2
3-6 G
&2 7
703
From the table it will be seen that the plain concrete slabs
were nearly as strong as those containing one and two layers of wire
netting one inch from the bottom. Those test-pieces in which the
single netting was one inch from the bottom were not materially

/3,
>
strengthened by the metal, because this reinforcement was too near
the neutral surface to take any appreciable amount of tension before
the concrete had failed in tension, and then the amount of metal
was too small to take the tension suddenly applied. By placing the
metal as near the bottom as possible, it is stressed more gradually,
and there is a better chance to distribute the tension over the con-
crete, in addition to the advantage in the increased resisting
moment of the metal.
The metal in those slabs having two layers of netting one inch
from the bottom was not very efficient. As in the preceding case,
the metal had taken but little stress before the concrete failed in
tension. Then too, the bond between the concrete on each side of
the reinforcement was poor, because the meshes were too close togeth-
er to allow the stones to work through, and form good contact during
the tamping. As a result all the concrete below the reinforcement
scaled off when the beam was loaded.
These two cases suggest the following precautions to be taken
in floor construction:- the reinforcing metal should be placed as
near the bottom of the slab as possible; the metal should be firmly
imbedded in mortar, in order to transmit the tension over as much of
the concrete as possible; the meshes of the reinforcement should not
be so small that the bond of the concrete is impaired.
Before computations were made, it was necessary to know the
coefficient of elasticity of the concrete. Two blocks of concrete
• inches wide, 4 inches thick, and 18 inches long were cut from the
• f 4Mi lvjiri »rf*f,» ,v>r,.ti ill Jjit'»M i;<T
5 YAftfi
ends of two plain concrete test-pieces. The ends were taken with th
idea that the concrete was not materially stressed at this section
when the slabs were broken. Extensomet ers, reading to .0001 inch,
were fastened firmly to each side or the blocks. The maximum com-
pression applied was 850 pounds per sq. in., which was not great
enough to cause a permanent distortion of the concrete. Deforma-
tions were read at each addition of 1000 pounds to the load. The
results were plotted and gave an average value of 2,000,000 for the
coefficient of elasticity in compression. The results were not
uniform, and on that account not very satisfactory. Professor Hatt
found that the coefficient of elasticity in compression was about
twice that in tension, and it will be go considered in this dis-
cussion.
The pieces used for finding the coefficient of elasticity
were afterwards broken. They failed at a compressive stress of
1800 pounds per sq. in.
COMPUTATIONS.
In the discussion previously given, Professor Hatt shows that
the position of the neutral surface of reinforced concrete slabs
is given by the following formula;
x m ^4 +-5pTT1) -y. ^ 4n + 9 /4 V* ™
&
* P [ftn(u Cn-lJ
3(n-l
)
h - depth of slab = 4 inches
,
hx s distance from top of slab to neutral surface in inches .
'1*1*1* Stti
nfctffl *****
m mn
itol - t«f*#i v •'1;
If
15.
p arpa of cross-sect ion of metal
~"
are? of cross-section of concrete
Mm s coefficient of elasticity of steel = 29,000,000.
Ec = Coefficient of elasticity of concrete in compression = 2000,000,
Et 3 Coefficient of elasticity of concrete in tension = lpoqooo,
m Es , 29
~"
Et
n - Ec , 2 ,
Et
hu a distance from top of slab to center of gravity of reinforcement,
EXPANDED METAL SLABS. u =. .91 p = .004, x = .443
DOUBLE NETTING SLABS. u = .91 p = .003 x = .436
SINGLE NETTING SLABS. u = .91 p = .0015 x = .426
PLAIN CONCRETE SLABS. u = p - X- .410
EXPANDED METAL SLABS. (one inch from bottom) u = .75 x — .436
After the first crack has appeared the concrete has failed in
tension, and the following formula gives the position of the neutral
surface.
x
£
— 3/2p Eg. (u-x)
_
£s = 14.
5
Ec Ec
EXPANDED METAL SLABS. u = .91 p = .004 x =- .328
DOUBLE NETTING SLABS. u = .91 p = .003 x - .279
SINGLE NETTING SLABS. u = .91 p - #00l6 x = .189
EXPANDED METAL. (one inch from bottom) u — .75 x = .303
As previously shown the general equation for bending moment
according to Professor Hatt's analysis is
;
M= bh* t (l-x)*-/- 2/5 cx 2 + pf (u-x)] (1)
1N ^>mIh It
1 t*
Ml
Ml
lb
_
tnx_,
c - \ZZX— t
=
m(u-x
)
m(u-x
)
c =
By substituting these values in (1), the following equations are
obtained;
M = bh t 2/5 (l-x)^ + 2/fS nx-% pro (u-x )
'
1-x 1-x
II = bh
2
f |~2/fi (1-x) 3 ^ 8/fUMfci. + D <"-*>
-_ ro(u-x) m(u-x)
U = bh 2 c [2/5 <l-x)% 3/5 x 2 + pro (u-x_L2
L nx nx
Not considering the tension in the concrete
(2)
,
f S| .
141
.
M = bh f
M = bh c
2/ fi nx 3 ^ p (u-x )
ro(u-x
)
2/5 x + pro ( u-x )
nx
J
(61 .
161 .
The position of the neutral surface by the Common Theory is
given by the formula, using Ex. _ 2;
Gl + pro \ Et
~
—J » = JLl^Lss
expanded metal slabs,
double netting slabs,
single netting slabs,
plain concrete slabs.
2n - 1
x a .424
x = .414
x = .401
x = .387
EXPANDED METAL SLABS. (one inch from bottom) x - .414
If the bearo has cracked and tension in the concrete is not
considered* the following formula gives the position of the neutral
surface.
x2 — 2p Es (u-x)
,
Ec
EXPANDED METAL SLABS. x a= .388

/ 7.
DOUBLE NETTING SLABS. . x - .528
SINGLE NETTING SLABS. x ~ * 222
EXPANDED METAL SLABS. (one inch from bottom) x =r .558
As Dreviously shown the general equation lor the bending mo-
ment, is;
M = bh 1/5 t (l-x)* + 1/5 cx% pf (u-x) (7) ,
Substituting the values of c, t and f as before, we have;
M * bh* t
M=bh f
1 /5 ( 1-x )
Z
.
pm (u-x )* + '/3
L (1-x) Xfr^)_
l/5_ (1-x) 3 . 1/5 nx 3 ^.p(u-x)
u m(u-x) m(u-x)
M-bh'c 1/5 (1-x) 3 -4- 1/5 x £4 pm (u-x)*
L nx nx
Not considering tension.
(8) .
(9)
,
( 10 )
M = bh 2 f |~ 1/5 nx
z
_m(u-x)
P (u-x) (11) .
M= bh* c T 1/5 x*r pm hi-x )* n ( 18 ) .L nx -'
As previously shown the bending moment equals 5/20 Wl. The
values of c, f arid t as given -in the following tables were obtained
by equating the moment s, and substituting the values for x, u and W.
The value of f in the formulas is the amount of unit-stress
in the wire in a longitudinal direction. Since the sides of the
meshes of the reinforcement are inclined to the longitudinal axis
of the slab, the area of the cross-section of the wire is equal
to the normal cross section multiplied by the secant of the angle-
of inclination. The longitudinal stress in the wire is the com-
ponent of the stress along the wire. Therefore the actual stress
in the wire Is equal to the longitudinal stress multiplied by the
1

secant of the angle of inclination. The values of f 'given in the
tables are then the actual unit-stress in the wii-^e.
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The values at the loan at Point A are taken iron the diagrams
on following pages. The point A is the olace at which the
load-
deflection diagram departs from a straight line (see diagrams)
This point indicates some change in the condition of the loaded
test-niece, probably the failure of the concrete in tension.
TABLE NO. IV a
owing Relative Strengths oi Reinforced and Plain Concrete Slabs at
Time of Kupture.
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.
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CONCLUSIONS.
From table l£ It is s en that at the point A both the com-
pressive unit-stress in the concrete ann the tensile unit-stress
in the metal are low, and the tensile unit-stress in the concrete
is high, each as compared with its ultimate strength* This shows
that the concrete is about to fail by tension, aa was previously
stated.
The tensile unit-stress in the plain concrete slabs is, in
general, lower than that in slabs containing metal. This is probably
due to the fact that the metal distributes the tension over the
concrete nore uniformly, and thus increases its ultimate tensile
strength. The tensile strength of the concrete in the double netting
slabs is greater than in those with single netting. This seems to
indicate that the more uniformly the metal is arranged along the
breadth of the slab, the better the tension is distributer) through
the concrete. The ultimate tensile strength of the concrete in set
No. 7 is no higher than in set No. 1. The cause of this Is that
the metal is so near the neutral surface it has but little oDpor-
tunity to distribute the tension through the concrete.
From table No. Ill, for breaking loads, it is seen that the
metal probably breaks in set No. 4, although the compressive unit-
stress of the concrete is very near the ultimate unit-stress. The
metal breaks in sets No. 3, 5 and 7 as shown by the computations.
The value of the compressive unit-stress becomes lower the smaller
the amount of metal in the test-piece, showing that not enough

metal was used to develop the full compressive strength of the
concrete. The stress in the metal is set No. 7 is low due in most
part to the smaller resisting moment of the metal.
These experiments show that reinforced concrete slabs are much
stronger than plain concrete slabs. The metal should be olaced as
near the bottom of the slab as possible, ann yet be i irmly imbedded
in the concrete. The metal should be distributed across the breadth
of the slab as uniformly as possible, but the meshes should not be
so close together that the bond of the concrete is impaired.
Enough metal should be used to develot) the comoressive strength of
the concrete. Reinforced slabs give notice of aporoaching failure
by cracking, and are still able to carry additional loads, while
plain concrete slabs fail without warning.

3DOQ
ZOOO
JOOO I NO- 2.2..
3000
ZOOO
Z.OAD- DEFLECTJ O/s/ 0/A.QR /\M S
FL/\1N CONCRETE' 5/.AS S ,
JOOO / NO. /£.
300 O
J2QOO
/OOO A/O. 4-.
0/0 >l .2 *3
DEFLEQT/ON S AT CENTER JN VYCHES

IlillllllllllllJtU ll llll ll llilttW^^
i
o
4-000
3000
ZOOO
1000
V) o
o
^ 4-000
ZOOO
40OQ
NO- 2 3 .
OAO- DEFLECTION 0/A6HAM5
a iSINGLE WETTING -SLABS.
/VO. /7".
3ooo
ZOOO
tooo
NO. 10
5P
./ .,2 -3 4-
DEFLECTIONS AT CENTER IN INCHES
tttmi ttii-H-t-t
-JiX
1EN CO., CHICAGO.
iiniiiiii _L___L 11 n 1 1 1 1 iii —l

sooo
4-000
4-00
3000
Sooo
/ooo
DEFLECT/ON AT CENTER IN INCHES
O I O .2 .3 ii
EUGENE DIETZGEN CO.. CHICAGO.

LOAQ-DEFLECT/ON DIAGRAMS
FOA
EXRANDEO METAL SLABS.
o~sooo
OEF~L.EC 7YO/V AT CENTER IN INCHES
EUGSNE DIETZGEN CO.. CHICAGO.
•9 .4-

30OO
Q
s 2.000
o
d
Q
<
jooo
o-sooo,
4-000
4-000
30CO
zooo
IOOO
NO. 2.1 .
LOAD -DEFLECTION £?/AGFJA/*7S
EOff
EXPANDED META\L SLABS*.
(metaz. I' rrtom bottom) .
NO. 6
—
EUGENE OIETZGEN CO., CH C AGO.
DEFLECT'ON AT CENTER IN INCHES.
•/ <2- -3 .-4- tS
* "T* * * * . * . ~ . * TP . *P "vk. ^P * ^
4 4 1 i i. 1 M >' ' ^ " JjL jL "A J£ -A Jj£ J, , M 3
* I ^ * $ *, * * * i i ^ i i * * 1
I ******.* 4 * * * * * * i
I * * I 1
I
* I I I * * 4 * *
T> 1* • *- ^p h^ .W W tp - • tp *• Tp * * UK * * >
I I * * * .Ik * * * * ****** I I <
^P TP- ^P . TP TPs • .- TP iP* ~ H* . ; TP T* ^ ^ TP Hf 7» tP TP 1
«Jc
'
itifc «L H 4. Jit Mfc ' ' * ' *- -JL •wife -i *A ' .Jt
Tf£ -ft HP 1*. Hp . ^ . HP T* TP ^p . IP Tp TP "T* TIP TP T********************
Jl 1 JL M M ^ *t 4iL ; i * a jt JL ; -jL a -t «fc iM
^P *P TP Tp- TP TP Tf5? TP * TP H1 * TP TP TP TP TF
II
I * * * *
_
+ ' * % fc******i
^. ^ jk *J JL. .jL J:A . .* 4. . .4*-' ^ ^4. jfc i : 4.TP- Kf TP lP IP . W Ip- ip ip , ~ Tp ip- ip Tp- If TP. -
* * * * * *-,
(
,;#--
'
"; 4;
'
^ * * * * * * * i
*
;
"* * :* ""^f* - * " *^- : : , • , ^ "'* "* * * *
-4. i ' *. dfe-- s& -dL ' ^ ^ ' ic ^ ' ^Ht- ' >M «t Jl yTP t- TP- tp fs.
, ^ ^ IP . ip-- ^ p
,
IF-- W -7P * ^p f^^ ;/0
'
-JL. A ' ^ ^ -jL --JL ^ -Jl ^ .JL - JL - *m> jLtP ^> TP HP TP ^IP TP ~ ^ ~ TP- TP ^P TP HP' ^P Tp.
I 1 * * * * * # * ^ K § + * * f 1 1
# * * * *. * * H * * * * ' * I ^* *
* * * * 4 ^ , , . jit ' 4 ^ ^ I I m tp-1 § * * m i pi ^ ^ I '+ I * ; I^P^SS '
^ ^- ^ * ^ ******** * * * p *
* ^* * ^ * * * . * * * * *fe-- * 4, *- . H - *C/* i
H^ ^P ^P H6 - Tp Tr-= Tp HP - ,Hp tP . TP" .. TP". TP ^ -.TP TP ^p
^ .jl jl ^ * - - *l * ^ 4. 4. jp ii ,W HP- . TP - TP- Tk ~HP IP TP- ,, iP» . T** 1* ^v* IP IP ^ ^P <P .. TP 5
I || ^ ^ ^ ^ ^-.^
1
^->^-^- hV * * * * Ik *
* H * * *.
;
-h%^^- * * * * * *--;4
* *, * 1* * ^- ^ *, ^, -* *, ^ I 1 * *- * *
* * * * * * * " -* 4' * - " * * * * n
*- -^v ;-#: ;-4- ;,# * * * *
*
,
^*
-.
:
"Hfe: y T^ * * * * * •*
* •* * * * * ******* * * * * ******** * * * * * f * * - 11 s
* I + * # * * -* ' -* ****** ^ * II *
H>- * * * * * * * * * * *- * * * * * %!;M
*4,-* * *>^**-^H%***** * ^ *
* * * ' * -* ^^ ****^* * <p * * * *
^ m * * *- *- * *^ * * * -* * * * * H *
* "* * *• * **
,
"^^j^lKj^lp-"-:" '^^^--^^^^l^^' * * * * *
± *i 4k «fc. JL ' -4e * life »L -Jfe * -HP * * * * TP TP Tp TP>- ,- Tp * T» Hp * * * *" -
^ M * '3* ~ -*t -*4L * Jt * * * -* 4*. ' * yt : Ojg ^
^ --****k* ******
*Hk^ * ***** *********#*
HV * * I
r
* ^ ^^P^P^P^ I ^ X IS ^ # ^ ^** I ^ * ^ ***** * * 4-m********* ^w^mi^^^^ 4 i *
^ * - 1 * i i * . * m^M}: * cm * * * * * 3
kjL -a a a|L * JjL *t »t JL * Jfc Jl .j.
f"Tff- TP- ^P **' TP - ~" ^ 1"* ~ lP TP TF ^P ~' TP" TP
, ****** ****** * * * * * *
^ JL ^k. ' ' «k u« Jilt Jk ^t- '^k. -s^L
^p "f*- t!* " tF ^f tp ~ "
.
,
iF ~ . ^p- ^ ~ ~iF ^
* ' a= * »fc * ^ Jl * *, =dL
'
;
'
:
%|f;' Jfct. TP t ^ ^p ^ * *p * ^ *F IP' ; ;
:
^i, *x ^ .jl- A yi£ :JjL z&L ^ ' *4 ' ""A *^ jJl jL
| T ^ ^ * w W t- - tf ^^j^l^j/^f^-" flfs Or? * /-ff^,"//******** **********
;* * *- * ^ * * * * * # * # • 4\, *
* * ^ * * * * * * * »fr ^
^Mm^^v^ , ^ *
" TpV ^ * *F" ^ ^ • "I*-
, ^ ijp =*IP>- • -;-
^|
I
*p *p * * * * * *- * tp ^ * * * * *jp- . im
* **** ********** * *
^ -^fc- * >fc * St *. * * %tt- * & "*
"
'
I''' 1P'-V "' ' ^
^ ^* ff*1 y, "^ tF "TP .„. nPfsr
"
i . JlL
. . ^ 4* Mi li tiL dE '-^jv'^^^l^ ^ ^. a
t * ^t. - ^ * * -* T* ^ T5 * *f* 1^ T« ^P" ". rl|t
[^fe : ^ ^ * ^ ^ ^ ^ IN ^ ^ ^ **^^**^^.^^** ;^ ******
% || f I * * * % + * i^^^S^^^^ H
ij£ ^jL ^ * i - ^Jt- yiL >4t ^ ' JL ' -JL JlL, jifL oii
~ ^ v lr ^ • ^f? Vs"- ~ Tr ir - - "Tp T": IF" ^ DF" "IT
^-^* * * * * 4 *. ^ * 4.^
^ ^ ^ T * * llF li^ "T* , * TF--- *• ^ 1P< .* . =*
^ ^ ^ ^ ^ • * * * ^ I I *
* * * * 4, * "*->§* *
i ^***^**-* * ' 4, + ^ I % I * i i
W| "*
- * >iT ^ ^Ste^''-;:^ # ^ |K ^ * * I P
I ^ - ^
. ^ |^ ^ * ^Jfc • *• ifc ^ ^ ^ " ||
'
^
'
(
;
^ *^ 1^ ^
|(
> ^^j^-Z^' 7^ -
,
^ ^ ^ ^
» *^ ^ ^ ^ ^ ^ 4 : ^ ^ ^ ^-.vt'^I*-
r# * * * I i^E^fe % **^****^^.
I
I ^ i ^^S^* I * * 7* * I*- ^ * ' ^
I * ^ + # ^ ^"^fel^S^^^^
• ^ *_ * * ^ * ^*^iK%X Hk** ^^^ Sc
* ^ *^ * * * <* 4^ ^ ^ ^- ^ 4» ^ ^ * *
^^***4,* ***.*,** * *-**.*
t *fc ^ii * * ^Hk dL - aIc -^ *. * ^ ^f ^ ^ * *, * * * * * TP ^
; * * * 4 .* % . * * 4-.- * % ^ ;;4= ^ ^
» * I 1 l^^^^l - II * * * l|yp| ^ ^- *
v ^ * * * - ^ ^ * * * * * ^ ^ * ^
*
^^^p ; * * * ^ #^K^fe^ *- in
i ^ ^ * * ^ HI* id * i^- ^ *r ^ *
1 %
t * XL iifc it a. »i. ^i, ^ ^ JuL - '' ^l -A i^fc • jL j, i . --i.
~ ~ ^ ^* * 7^ W * ^ IF =^F- tF ^ -
* ^m, JL * ' -JL. JL *± JiL, ' -' s»it ^ ^, Jl Jk. ' ' »fe -JL ^ -Jk.
' ^ * * * >le- ^ -A ^ JL ^ ' ^ •'F IF- TF *- <(F . * *F ^F * W W~ ^
* * * <v * * * * 4 * *
, ^ * * * * * *
* + * * * * ^
, # # * § % §

